Background: The incidence of right-sided colon cancers has been increasing in recent years. It is unclear whether patient prognosis varies by tumor location. In this study, we have compared the survival of right-and left-sided colon cancers in a longitudinal population-based database.
in the right colon between 1979 and 1982 to 31% between 1991 and 1994.
Various hypotheses have been proposed to explain this change, including clinical presentation, genetic and environmental epidemiology, and sex distribution. 5, 6 This may reflect growing use of colonoscopy and screening, and an increasing proportion of the elderly in the population. During embryologic development, the right colon arises from the midgut and the left colon from the hindgut. The right and left colons are exposed to different luminal content. In addition, analysis of large genetic databases from tumor specimens has revealed differential gene expression patterns in colon cancers originating in the right and left colons. 7, 8 However, analysis of different institutional databases has resulted in varying reports regarding differential prognosis of right-and left-sided colon cancer. 9 Thus, it remains unclear whether the prognosis for right-sided colon cancers is different from left-sided colon cancers. We hypothesized that study of a large, longitudinal, nationwide, population-based database would elucidate a difference in the survival for rightversus left-sided colon cancers.
METHODS AND MATERIALS

Data Sources
A retrospective survival analysis was performed using the Surveillance, Epidemiology, and End Results Program (SEER) prospective cohort database. SEER is a large population-based cancer incidence and survival data registry covering 15 geographic areas in the United States, involving approximately 26% of the U.S. population. 10 Data collected and followed by SEER include subject characteristics, primary tumor site, tumor morphology and stage at diagnosis, surgical treatment course, and subject survival follow-up. The SEER database includes tumors from January 1, 1973, through December 31, 2002, and captures 97% of the incident cancer cases. 11 This study was approved by the Johns Hopkins Institutional Review Board, who exempted the need for subject consent.
Study Population
Data were collected from the SEER database; we limited diagnosis dates between January 1, 1988, and December 31, 2002, because detailed procedural and diagnostic codes were not available before 1988. In addition, these time points were chosen because of the completeness and homogeneity of encoded data specific to this period. All subjects included in this study were 18 years of age or older at the time of colon cancer diagnosis, and they underwent surgery with curative intent for pathologically confirmed adenocarcinoma of the colon. All patients who died within 60 days of surgery were excluded from the analysis to account for perioperative mortality. Tumor location was identified by International Classification of Diseases, Oncology, Third Revision, diagnosis codes (ICD-O-3) C18.0-C18.7. Tumors of the vermiform appendix (C18.1), rectum (C19.9), and rectosigmoid junction (C20.9) were excluded. Only subjects with their first malignant primary tumor being adenocarcinoma of the colon were included. Tumor locations coded as overlapping or large intestine, NOS (C18.8-C18.9, C26.0), which comprised 1.1% of the sample, were excluded from analysis, as were tumors in situ. Additional exclusion criteria were subjects who received pre-or postoperative radiotherapy.
Subject demographic variables examined included age, sex, race, year of diagnosis, marital status, and survival or censoring data. Tumor variables examined included location, diameter in millimeters, American Joint Commission on Cancer (AJCC) stage, histologic grade, and number of lymph nodes examined in the surgical specimen. Race was divided into three categories to facilitate interpretation: white, black, and other.
For comparison of left-versus right-sided colon cancer outcomes, the territory of the colon was divided, with tumors occurring from the cecum to the transverse colon considered right-sided tumors, and those occurring from the splenic flexure to the sigmoid colon as left-sided tumors. Tumors occurring within the appendix and rectum and those with unclear locations were excluded from analysis. Additionally, only tumors with pathology-confirmed diagnosis of adenocarcinoma were included in an effort to compare like entities and to minimize the inclusion of tumors of different and varied types. Tumor grade was separated into three categories: grade I (well differentiated), grade II (moderately differentiated), and grades III to IV (poorly differentiated or undifferentiated).
Statistical Analysis
Statistical analysis was performed by the statistical software package STATA 10.0 (StataCorp, College Station, TX). Bivariate analysis of categorical data was performed by the v 2 test. Analysis of continuous data was performed using Student's t-test. Differences in continuous variables were compared by testing the difference in the medians by the KruskalWallis test. Survival analysis was determined by the Kaplan-Meier method, and the log-rank test was used to compare statistical differences. Cox proportional hazard methods were used to assess the multivariate predictors of outcomes. The analysis was repeated in different subcohorts of subjects to determine consistency of findings across population. All statistical tests were two-sided, and a P value of £.05 was considered to be statistically significant.
RESULTS
Study Population
A total of 82,750 subjects who had undergone colon resections were identified in the SEER data set. The 60-day unadjusted postoperative mortality for subjects with left-sided colon cancer was 3.99% (95% confidence interval [95% CI], 3.78-4.20), compared with 5.28% for those with right-sided colon cancer (95% CI, 5.08-5.49). Therefore, the 4772 subjects who died within this period of surgery were excluded from the study. Demographics of the remaining 77,978 subjects included in the study are listed in Table 1 . There were 37,050 men (47.5%) and 40,928 women (52.5%), with an overall median age of 71 years. Of 77,800 subjects with race data, 64,680 (83.1%) identified themselves as white, 7135 (9.2%) as black, and 5985 (7%) as belonging to other races. Of 75,242 subjects with marital status data, 43,520 (57.8%) were married. The median survival of all subjects studied was 83 months. AJCC stage was known for 77,481 subjects and was distributed among all four stages, with 21.5% of disease being stage I, 37.7% stage II, 27.7% stage III, and 13.1% stage IV. The median tumor size at time of surgical resection was 45 mm. The tumor grade distribution was primarily moderately differentiated (grade II, 69.6%), with 10.7% being grade I and 19.8% being grade III or IV. The overall median number of lymph nodes collected in surgical specimens was 10. Of 73,324 subjects with known lymph nodal status, most had N0 lymph node involvement (60.7%), with 25.1% having N1 and 14.2% having N2 disease. 
Right-Versus Left-Sided Colon Cancer
Right-sided colon cancer significantly outnumbered left-sided colon cancer, with 44,544 (57.1%) of subjects having right-sided and 33,434 (42.9%) leftsided colon cancer (P<.001) ( Table 1) . Subjects with right-sided colon cancer were significantly older (median age of 73 vs. 69 years; P < .001) and had a significantly shorter survival time after diagnosis (78 vs. 89 months, P < .001) compared with those with left-sided colon cancer. Right-sided colon cancer subjects were less likely to be male (44.2% vs. 51.9%; P < .001) and married (55.3% vs. 61.2%; P < .001).
The majority of the right-and left-sided tumors were AJCC stage II (40.2% and 34.3% respectively). In addition, there were a far lower proportion of stage I right-sided tumors (18.2% vs. 25.9%) and a higher proportion of stage III right-sided tumors (28.8% vs. 26.3%) compared with left-sided tumors (P<.001 for v 2 test of all tumor stages). Overall, right-sided tumors were of higher grade than left-sided tumors, with 24.5% of right-sided tumors being grades III and IV vs. 13.5% of left-sided tumors (P < .001). Right-sided tumors were also larger at the time of surgery than leftsided tumors (median size 46 vs. 40 mm; P<.001).
The median number of lymph nodes examined in surgical specimens of right-sided cancers was 11 vs. 8 (P < .001) in left-sided cancer specimens. Most subjects in both cohorts had N0 lymph node involvement, 60.4% in right-sided vs. 61.3% in left-sided cancer cohorts. Overall, there was a higher percentage of right-sided cancer subjects with node-positive disease than left-sided cancer subject, a difference that was statistically significant (39.7% vs. 38.8%; P < .001). When compared by year of diagnosis, more right-sided tumors were diagnosed more recently in the study interval than left-sided tumors, as evidenced by the mean date of diagnosis of October 1995 for right-sided tumors versus June 1995 for left-sided tumors (P < .001).
Multivariate Association of Cancer Location with Mortality
The results of unadjusted and adjusted multivariate Cox survival regression analyses are listed in Table 2 . The hazard ratios (HR) and 95% CIs were significant (P < .05) for all of the variables in the univariate analysis with the exception of white race, and in the multivariate analysis with the exception of subjects with grade II tumors.
Kaplan-Meier survival estimates for left-and right-sided colon cancer are shown in Fig. 1 . Survival for left-sided colon cancers was 59.7% at 5 years (60 months), 41.9% at 10 years (120 months), and 29.5% at 15 years (180 months). For right-sided colon cancers, survival was 56.3% at 5 years, 37.8% at 10 years, and 24.5% at 15 years. Survival of left-and right-sided colon cancer subjects was significantly different at all three of these time points (P < .001).
A Cox proportional hazard regression analysis of tumor side was performed including the variables of subject age, sex, race, marital status, AJCC stage, tumor size, histologic grade, number of lymph nodes examined, and year of diagnosis. These adjusted survival curves are shown in Fig. 2 . Of note, nodal status was omitted because this was already accounted for in the AJCC tumor staging algorithm. Compared with subjects with left-sided colon cancer, those with right-sided cancer had a 4.2% increased mortality risk (adjusted HR = 1.042; 95% CI, 1.02-1.07; P = .001). For every increase in subject age by 1 year, mortality risk increased by 3.6%. Tumor stage was associated with the highest increase in mortality rate, with the increase in mortality over stage I being 31% for subjects with stage II cancer, 120% for those with stage III cancer, and 900% for those with stage IV cancer. Similarly, grade III and IV and N1 and N2 nodal disease (examined by univariate analysis only) were associated with worse prognosis. Being married was associated with a decreased risk of mortality, by 21%, when compared with unmarried subjects (P < .001). More recent diagnosis was associated with improved survival as well: a 1.3% reduction in mortality was experienced for every year diagnosis of colon cancer was made after 1988 (P < .001). Substratification and multivariate Cox proportional hazard regression analysis that used the above-listed variables was performed by tumor side and AJCC stage (Fig. 3 and Table 2 ).
The multivariate Cox proportional hazard regression analyses were repeated in different cohorts of subjects (Fig. 4) . At subset analysis, the results did not change qualitatively. Right-sided colon cancer was associated with a statistically significant increase in HR for mortality for most subgroups tested compared with left-sided colon cancer. However, women did not have a statistically significant difference in mortality between left-and right-sided colon cancer (HR = 1.01; P = .48). Similarly, no differences in survival between right-and left-sided colon cancer with stage I or grade I were observed (stage I: HR = 1.003; P = .93; grade I: HR = 1.002; P = .96). Of note, subjects with stage II right-sided colon cancers had lower HRs than those with left-sided colon cancers (HR = .91; P < .001).
Additional analysis was performed where rightsided colon cancer was further divided anatomically into two groups: cecum to ascending colon, and hepatic flexure to splenic flexure. These stratifications were compared with left-sided colon cancer (descending colon to sigmoid colon). There were 32,388 subjects with cancer between the cecum and ascending colon (41.8%), 15,055 subjects with cancer between the hepatic flexure and splenic flexure (19.4%), and 30,038 subjects with cancer between the descending colon and sigmoid colon (38.8%). Analysis of this anatomic stratification revealed that mortality risk was 8.0% greater for subjects with cancer between the hepatic flexure and splenic flexure compared with those with cancer between the descending colon and sigmoid colon (HR 1.08; 95% CI, 1.05-1.11; P < .001). Subjects with cancer between the cecum and ascending colon had a 3.7% greater mortality risk compared with those with cancer between the descending colon and sigmoid colon (HR 1.037; 95% CI, 1.01-1.06; P = .007).
DISCUSSION
Through examination of over 77,000 subjects with adenocarcinoma of the colon from the SEER database, we have shown that subjects with right-sided colon cancer have a decreased survival on average, and an increased mortality risk compared with those with left-sided colon cancer. This difference is statistically significant and persists when controlling for factors of subject age, sex, race, marital status, year of diagnosis, AJCC stage, tumor size, grade, lymph node disease, and number of lymph nodes on pathological examination. Consistent with reports from smaller database analyses, in more recent years, there has been an increase in the proportion of right-sided tumors diagnosed. [2] [3] [4] However, this is associated with a statistically significant reduction in risk of death over time. In accordance with accepted data, outcome and prognosis are worse for subjects with higher stage or histologic grade tumors and presence of nodal disease.
The reason for the observed difference in survival for subjects with left-and right-sided adenocarcinoma of the colon remains unclear. It is speculated that the differences in embryologic origin and fecal exposure, as well as the difference in time to detection, play a role. To review, the embryonic midgut develops into the right-sided colon, extending from the cecum to the proximal two-thirds of the transverse colon. This is vascularized by the superior mesenteric artery. In contrast, the embryonic hindgut develops into the left-sided colon, extending from the distal third of the transverse colon to the upper anal canal. This is vascularized by the inferior mesenteric artery. 12 To compare tumors of like morphology, tumors of the rectum were excluded. When we controlled for tumor stage, histological grade, and tumor size in addition to subject demographics, we found that the prognosis for subjects with right-sided colon cancer remains worse than that for left-sided disease. This suggests that the difference is more likely related to genetic and environmental factors. The differences in gene expression patterns between the normal right and left colons, as well as between cancers in these locations, have been studied. 7, 8 At subset analysis, the results for the mortality risk of different cohorts confirm the overall findings. It is interesting to note that among subjects with stage II tumors, those with right-sided tumors have a far better survival outcome compared with left-sided tumors, in contrast to findings from other subgroups. The reasons for this are unclear and warrant further study. However, tumors with microsatellite instabil -FIG. 4 . Adjusted hazard ratio with 95% confidence intervals for mortality comparing right-sided colon cancers relative to left-sided colon cancers in the following cohorts: female subjects, male subjects, subjects of white race, subjects of black race, American Joint Committee on Cancer stage I, II, III and IV, and histology grades I, II, and III/IV. UB, upper bound; LB, lower bound. ity, which are often right-sided, have been associated with an improved prognosis in part as a result of decreased metastases. [13] [14] [15] This may partially account for these observed findings. However, it is unlikely that tumors with microsatellite instability are solely limited to these right-sided stage II tumors. Therefore, the reasons for this difference in survival remain unclear and warrant further study.
The SEER database was chosen over other available databases because of the extensive nature of its records, which include longitudinal data and a large sample size that permits comparison of outcomes across the United States. That said, like all databasederived studies, the current analysis has several limitations. In examining the SEER database, the accuracy of the diagnostic, pathologic, and histologic coding was unable to be verified. Although the validity of the coding may be verified, the appropriateness of the coding used for diagnosis may not. However, it is assumed that this type of error would be equally distributed throughout the data. Data about subjects' carcinoembryonic antigen levels and presence of vascular invasion in surgical specimens were unavailable, as were comorbidities and diseasespecific survival. Similarly, whether or not subjects received chemotherapy for their cancer is not recorded in the SEER database. Finally, the models used are simplified, using available and accepted measures; they clearly do not adequately account for all variables associated with subject outcomes.
In recent years, the distribution of right-versus left-sided colon cancers has changed, with an increasing incident of right-sided colon cancer. The cause behind this is currently poorly understood and likely multifactorial. Our findings of worse survival for right-sided colon cancer bears further study to understand the cause. Moreover, understanding differences in tumor biology may ultimately affect the treatment modalities, specifically chemotherapy regimens, which are used for right-versus left-sided colon cancer.
